Two independent neuroradiologists determined their ASPECTS. We stratified patients using ASPECTS into 2 groups: large volume infarcts (ASPECTS≤7 points) and small volume infarcts . In addition, we evaluated a third group with very large volume infarcts (ASPECTS≤5 points). We then analyzed the 3 subgroups using the Maas, Tan, and ASPECTS-collaterals grading systems of the computed tomographic angiogram intracranial collaterals. Good outcomes were defined by modified Rankin Scale score of 0 to 2 at 3 months. Results-A total of 300 patients were included in the final analysis. For patients with very large volume infarcts (ASPECTS≤5 points), univariable analysis showed that younger age, male sex, lower National Institute of Health Stroke Scale (NIHSS), lower systolic blood pressure, and good collaterals by Maas, Tan, or ASPECTS-collaterals grading were predictors of good outcomes. On multivariate analysis, younger age (odds ratio, 0.93; 95% confidence interval, 0.89-0.97; P=0.002) and good collaterals by ASPECTS-collaterals system (odds ratio, 1.34; 95% confidence interval, 1.15-1.57; P<0.001) were associated with good outcomes. Conclusions-In patients with large and very large volume infarcts, good collaterals as measured by the ASPECTScollaterals system is associated with improved outcomes and can help select patients for intravenous thrombolysis. 
I n acute ischemic stroke (AIS), the roles of the leptomeningeal collateral circulation and early infarct changes on the initial computed tomography (CT) are frequently raised as important considerations to decide whether a patient is suitable for thrombolysis. Good collaterals and smaller early infarct changes, respectively, are associated with better outcomes. [1] [2] [3] [4] [5] Despite widespread acceptance of their importance, seemingly basic relationships and objective methods of quantification of the collaterals and infarct size for optimal clinical use remain ambiguous.
The Alberta Stroke Program Early CT Score (ASPECTS) is a 10-point quantitative topographical scoring system, which reproducibly identifies the extent of infarct and cytotoxic edema. 1, 2 Patients who received intravenous tissue-type plasminogen activator (IV-tPA) with poor ASPECTS were less likely to achieve independent functional outcome and had a higher risk of conversion to malignant middle cerebral artery (MCA) infarction. 3, 4, [6] [7] [8] [9] [10] On the basis of these findings, poor ASPECTS were made a relative contraindication for IV-tPA in the initial guidelines.
Background and Purpose-In acute ischemic stroke, large early infarct size estimated by the Alberta Stroke Program Early CT Score (ASPECTS) is associated with poorer outcomes and is a relative contraindication for recanalization therapies. The state of the intracranial collateral circulation influences the functional outcome and may be a variable to consider before thrombolysis. We evaluated the prognostic effect of the collateral circulation in patients with thrombolyzed acute ischemic stroke who have large early infarct sizes as indicated by low ASPECTS. Materials and Methods-Patients with anterior circulation acute ischemic stroke who received a computed tomographic angiogram and subsequent treatment with intravenous tissue-type plasminogen activator from 2010 to 2013 were studied.
It is important to identify patients with AIS who will have a poor functional outcome, despite early IV-tPA. 4 Although mechanical thrombectomy has been shown to have irrefutable benefit in large vessel occlusion stroke, 11 patients with large early infarct changes have limited treatment strategies. Good leptomenigeal collaterals are associated with improved outcomes. We hypothesize that for certain patients, good collaterals can overcome the effect of large early ischemic changes as determined by the ASPECTS scoring system.
The aim of this study is to evaluate the prognostic effect of the leptomeningeal collateral circulation in patients with thrombolyzed AIS who have poor ASPECTS. This could potentially identify a subgroup of patients who have good functional outcomes with thrombolytic treatment, although they would originally be excluded from intravenous thrombolysis or mechanical thrombectomy in clinical trials.
Methods
All patients in our prospective thrombolysis registry who were treated with IV-tPA at our tertiary care center between January 2010 and December 2013 were retrospectively studied. Ethical approval for this study was obtained from the institutional review board. A detailed flowchart of patient selection is presented in Figure I in the online-only Data Supplement. Patients who had an anterior circulation AIS (intracranial internal carotid artery, M1 or M2 MCA occlusions) as proven by a prethrombolysis computed tomographic angiogram (CTA) of the brain were included in this study. Patients in whom CTA was contraindicated were excluded, such as those with renal impairment and allergy to radiocontrast. In addition, patients with poor quality CTA scans were also excluded. Demographic and clinical data for each patient was collected, including vascular risk factors such as hypertension, diabetes mellitus, dyslipidemia, atrial fibrillation, and smoking. Systemic blood pressure was taken for all patients at presentation. AIS subtypes were classified by the Trial of Organon 10172 in Acute Stroke Treatment (TOAST) system. 12 Each patient had their National Institute of Health Stroke Scale (NIHSS) scores recorded by credentialed neurologists before IV-tPA bolus. Functional outcome was assessed by the modified Rankin Scale (mRS) at 3 months post thrombolysis. An mRS score of 0 to 2 was defined as a good functional outcome.
Nonenhanced CT (NECT) scans and high-resolution CTA were performed for all patients before administering IV-tPA. Scans were performed on a 64-slice multidetector helical scanner (Philips Inc) and with a 70-mL bolus injection of contrast. Scan parameters were slice thickness of 1 mm, no slice gap, field of view of 200 mm, matrix 512×512, and 230 to 250 mAs. Coverage was from the base of skull to the vertex, and the source images were reformatted into 3-mm thick axial, coronal and sagittal projections. NECT and CTA images were independently reviewed by 2 experienced neuroradiologists who were blinded to the patients' clinical status, outcome, or results of other neuroimaging modalities.
ASPECTS is a validated objective method of scoring early ischemic changes in the MCA territory. We stratified patients using ASPECTS into 2 groups: large volume infarcts (ASPECTS≤7 points) and small volume infarcts (ASPECTS 8-10). In addition, we evaluated a third group with very large volume infarcts (ASPECTS≤5 points). These ASPECTS cutoffs were chosen to reflect real-world clinical management strategies because they have been shown to be associated with poorer functional outcomes and are relative contraindications for recanalization therapies. Various clinical trials use poor ASPECTS as an exclusion criteria for recanalization therapies. 13, 14 In addition, the predictive ability of ASPECTS (≤7 versus >7) in terms of functional outcome has been well established. 3 To further justify our chosen cut-off levels, we evaluated the performance of the ASPECTS by means of an area under receiver operating characteristic curve of the entire cohort. We present the sensitivity and specificity at each score point and determined the optimized cutoff for the score by means of Youden index ( Figure II in the online-only Data Supplement). This showed that an ASPECTS of 5 was an inflection point suitable for subgroup analysis.
Leptomeningeal collaterals on pretreatment CTA were assessed according to 3 predefined criteria: Tan, Maas, and ASPECTScollaterals. These scoring systems were chosen to encompass various existing methods of CTA collaterals scoring. The Tan system targets collateral vessels in the MCA territory; the Maas system compares the vessels from side to side; and the ASPECTScollaterals system subdivides the leptomeningeal collaterals into several more objective measurable areas. These scoring systems have been previously described, and more details can be found in the online-only Data Supplement. [15] [16] [17] [18] We then attempted to determine whether good collaterals (as defined by the Maas, Tan, and ASPECTS-collaterals systems) prognosticates good outcomes. Good collaterals were defined as the following: Maas system, leptomeningeal vessels equal to or greater than the contralateral side and Tan system, >50% of the MCA territory. For the ASPECTS-collaterals system, good collaterals were defined as equal or more prominent when compared with a matching region in the opposite hemisphere and poor collaterals as arteries not seen or less prominent compared with the contralateral side to form a cumulative 20-point scale (online-only Data Supplement). We chose these predefined cut-off levels as good collaterals because our previously reported studies showed the ability to predict functional outcomes when dichotomized at these cut-off levels.
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Statistical Methods
We present the numeric variables as mean and SD. Categorical variables are presented as percentages. Numeric predictors were analyzed by using 2-sample t test or Mann-Whitney U test where applicable. Categorical variables were evaluated using the χ 2 test or Fisher exact test where applicable. Variables that were found to have a significant association (P<0.05) were entered into the multivariable model to perform backward stepwise logistic regression to determine the independent predictors of the prespecified good and bad functional outcome at 3 months post thrombolysis. Associations are presented as odds ratios (ORs) with corresponding 95% confidence intervals (CIs). Finally, interobserver and intraobserver variability for assessment of collateral status between the 2 observers was tested using κ statistics. Statistical analyses were performed using IBM SPSS Statistics version 20.
Results
A total of 300 patients were studied, with patient characteristics presented in Table 1 . One hundred twenty-two patients (40.7%) were female and the mean age was 65.5 years (SD, 13.5). Mean NIHSS score was 18.4 points (SD, 6.3). Mean onset-to-treatment time was 165.4 minutes (SD, 61.2 minutes). At 3 months post thrombolysis, 130 (43.3%) patients achieved good functional outcome, and mortality was noted in 50 (16.7%) patients. On univariate analysis, younger age, male sex, nondiabetic, absence of hypertension, absence of atrial fibrillation, lower NIHSS pre-tissue-type plasminongen activator (tPA), lower mean pre-tPA, systolic blood pressure, smaller infarct core (better ASPECTS), and good collaterals using Maas, Tan, and ASPECTS-collaterals system were associated with good functional outcomes ( (Table 3) .
Group With Good ASPECTS (ASPECTS 8-10) at Initial CT Scan
For patients with good ASPECTS scores (ASPECTS≥7, n=143), univariable analysis showed that good collaterals by ASPECTS-collaterals system was associated with good functional outcomes at 3 months. Other significant predictors include younger age, absence of hypertension, absence of atrial fibrillation, lower NIHSS scores, and lower systolic blood pressure ( (Table 4) .
Group With Very Poor ASPECTS (ASPECTS 0-5) at Initial CT Scan
For patients with very poor ASPECTS scores (ASPECTS≤5, n=97), univariable analysis showed that good Maas collaterals, good Tan collaterals, and good ASPECTS-collaterals are predictors of favorable functional outcomes at 3 months. Other significant predictors include younger age, male sex, lower NIHSS pre-tPA, and lower systolic blood pressure (Table 5) . On multivariate analysis, only younger age (OR, 0.93; 95% CI, 0.89-0.97; P=0.002) and good collaterals by ASPECTScollaterals system (OR, 1.34; 95%C.I. 1.15-1.57; P<0.001) were associated with favorable outcomes (Table 5) . Patients who have very large volume infarcts (ASPECTS 0-5) have poor overall rates of good functional outcomes (mRS, 0-2) post thrombolysis, with only 24 patients (24.7%) achieving good outcomes. However, if we exclude patients with poor collaterals by Maas and Tan grading systems, 55.6% and 45.2% of such patients achieved good outcomes, respectively (Figure) . Similarly, if we were to exclude patients with poor collaterals using the ASPECTS-collaterals system with an optimized cutoff of 8 points, 58.3% of such patients achieved good outcomes (Figure) .
There was a good degree of agreement between the 2 independent neuroradiologists for interpreting the collaterals using the different systems-NCCT ASPECTS system (κ, 0.77; 95% CI, 0.70-0.81), Tan system (κ, 0.93; 95% CI, 0.91-0.95), Mass system (κ, 0.82; 95% CI, 0.75-0.84 for leptomeningeal and κ, 0.87; 95% CI, 0.80-0.91 for Sylvian fissure vessels), and ASPECTS-collaterals-based grading system (κ, 0.77; 95% CI, 0.70-0.81).
Discussion
Our study suggests that good collaterals in the pretreatment CTA may indicate a significant amount of salvageable tissue, even in the face of large early CT changes (as indicated by low Even in this new era where mechanical thrombectomy has revolutionized the treatment of large vessel occlusions, 11 AIS still requires urgent assessment of the clinical and radiological features. Previous acute stroke studies have used NECT and CTA in combination to formulate scores to prognosticate the effect of IV-tPA on outcomes. [19] [20] [21] [22] Most of these scores show an improvement when compared solely to the NECT scores. In our study, we specifically examined patients with potentially poor prognoses who may have been denied recanalization therapies based on their ASPECTS and identified a subgroup that is potentially salvageable with IV-tPA using CTA-based assessment of the leptomeningeal collaterals. ASPECTS indicates Alberta Stroke Program Early CT Score; CI, confidence interval; mRS, modified Rankin Scale; NIHSS, National Institute of Health Stroke Scale; N.S., not significant; OR, odds ratio; SBP, systolic blood pressure; and tPA, tissue-type plasminogen activator. CT to Recanalization Times) study, poor collateral circulation and ASPECTS were used to exclude patients with AIS from endovascular therapy.
14 Assessment of the leptomeningeal collateral circulation on the CTA does not preclude newer and more objective investigations such as perfusion scans, which are used to determine salvageable penumbra. However, NECT and CTA are easily performed in most centers, whereas perfusion scans require specialized personnel and additional costs. In addition, there may be a delay in the initiation of treatment while undergoing additional perfusion imaging.
When we compare the ORs of good collaterals by ASPECTS-collaterals methodology for both poor ASPECTS of 0 to 5 and ASPECTS of 0 to 7 on multivariate analyses, we found that the odds of good outcome is higher with good collaterals in the subgroup with lower ASPECTS (ASPECTS 0-5). When we looked at patients with smaller ischemic strokes in our cohort (ASPECTS 8-10), good collaterals by all collateral grading systems were not significantly associated with better outcomes. This shows that ASPECTS-collaterals becomes a significant determining factor of functional outcomes in patients with poor initial ASPECTS. This highlights the importance of collateral vessels in the pathophysiology of large volume infarcts.
Certain limitations should be acknowledged. Our study population experienced relatively severe strokes (median NIHSS score, 19 points) and a higher incidence of atrial fibrillation. These might have influenced the behavior of various collaterals and outcomes. We appreciate that CTA provides only a snapshot of the passage of the contrast through the intracranial vasculature; hence, the extent of collaterals may vary with the timing of image acquisition. In our initial effort to evaluate the different collateral systems, ASPECTS-collaterals does not show significant association with functional outcome in multivariate analysis, but showed a trend, with additional patients in this study; it is powered to achieve significance. Finally, we did not have the benefit of perfusion scans, and neither were we able to quantify the volume of infarct for this study. This study only reflects recanalization treatment with IV-tPA and further studies need to be performed to determine whether the findings are generalizable to endovascular techniques.
Conclusions
In AIS patients with ASPECTS of 0 to 5, good collaterals identified by the ASPECTS-collaterals system is associated with improved outcomes and may help select patients for intravenous thrombolysis.
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CTA ASPECTS-collaterals grading methodology: Each CTA study was evaluated for intracranial collaterals according to the ASPECTS Methodology using a 20-Point Grading Scale as described previously I . The system scores the extent of contrast opacification in arteries distal to the occlusion (0, artery not seen; 1, less prominent; 2, equal or more prominent compared with a matching region in the opposite hemisphere) in the 6 ASPECTS cortical regions (M1-6); the caudate, insular ribbon, internal capsule and lentiform nucleus to form a score from 0 to 20. Lenticulostriate arteries in the basal ganglia arising from retrograde-filling MCAs distal to an occlusion are included in the scoring system. 
Supplemental
CTA Tan collaterals grading methodology:
Each CTA study was evaluated for intracranial collaterals according to the Tan Methodology using a Grading Scale as described previously I . The system scores the extent of contrast opacification. Less than 50% of the MCA territory (A). More than 50% of the MCA territory (B). 
Supplemental
